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AN INVESTTGATION OF THE CHARACTERISTICS OF AN UNSWEET
WING OF ASPECT RATIO L.01 IN THE LANGIEY 8-FOOT
HIGH-SPEED TUNNEL

By Relph P. Blelat and Maurice S. Cehn
SUMMARY

An Investigatlon of the characteristics of a low-aspect-ratio wing
was conducted at hlgh subsonic Mach numbers in the Lengley 8-foot high-
speed tunnel. The wing model had sn NACA 65-108 airfoll section, an
aspect ratlo of L4.01, a taper ratio of 0.498, and no twlst or dihedral.
The results of the Investigabtlon Indicated that the severe changes in
aerodynamic characteristics usually associsted wlth wings of average or
high aspect rabtlo were alleviated to a great extent by employing a wing
of aspect ratio 4.01l. The abrupt decrease in lift-curve slope and
change in angle of zerc 1ift when compared with a wing of aspect
ratio 9.0 and the wings of NACA TN 1665 were less pronounced end were
delayed to higher Mach numbers. As the Mach number increased from 0.40
to 0.90 the aerodynamic-center location for the wing of aspect ratio 4.01
moved rearward T percent &as compared with a rearward movement of 12 per-
cent for the wing of aspect ratlo 9.0. The Mach number at whlch the
drag beglns to increase rapldly was delayed to & value which was approxi-
mately 0.07 higher than that for the wlng of aspect ratio 9.0.

IRTRODUCTION

Numerous Investlgations have indicated that £light with alrplemes
of conventional deslign in the high subsonlc or transonic reglon would
prove to be extremely difficult because of the changes in eerodynamic
characteristics of the alrpleme assoclated with the flow changes over
the wing In the supercritical speed range. These chenges, reported
both from flight and wind-tunnel data, have been observed as large drag
increases, severe Iincreases in longitudinal stability, losses in control
effectivensss, and buffeting of the horizontel teil.
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Investigatlons made in this country and in Germasny have shown that
the speeds at which the adverse effects occurred could be delayed to
high subsonic values by use of wings having lsrge amcunts of sweepback
or sweepforward. A recent investigation (reference 1) has shown that
wings of small aspect ratio could also be uged to delay the speeds at
which the adverse effects occurred. The results of this investlgation
indicated that improvements in the serodynamlic characteristics of low-
aspect-ratio wings in the supercritical speed range were a result of
the three-dimensional relieving effects at the tips. These data, how-
ever, were obtained for wings employing NACA 0012 alrfoll sections with
rectanguler plan form and having squere wing tips. It could be expected
thet the use of thinner winges emnloying high-critical-speed sectlions and
with rounded tips would lead to further Improvements Iin delaying the
gpeed at which the adverse effects occcurred. The purpose of this report,
therefore, 1s to present data for a wing of low sapect ratio which
utilizes & high-critical-speed sectlon and rounded wing tips and to
make comparisons with wings of high aspect ratic.

The results reported herein include data at high subsonic Mach
numbers for a wing of aspect ratio 4.0l having an NACA 65-108 alrfoil
section, a taper ratic of 0.498, and no twist or dihedral. These data
were originally obtained In conjunction with a gemeral research program
wndertaken by the NACA to provide information at high subsonic Mach
numbers on the component parts of an alrplane. The data as Peported in
reference 2 were obtained specificelly for a horilzontel-tall model.

The data as presented hereln include the data of reference 2 for the
model with zerc comnbrol deflectlon plus wake-survey measurements which
wore not previously reported.

SYMBOLS

The symbols and aerodynamic coefficients used in this report are
deflned as follows:

A agpect ratilo

a gpeed of sound in undisturbed stream
b span of model

c sectlon chord of wing

Q|

moen aerodynemic c}}ord of wing

M Mach number (V/a)
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statlc pressure In undisturbed stream

local statlc pressure at point on airfoll section

P -
pressure coefficlent (—7‘—;——>

pressure coefficlent corresponding to asttainment of local
speed of sound at some point on airfoil sectlion

dynamic pressure In undlisturbed stresm (%‘-pv'a) )
Reynolds number (EEE)

area of wing

veloclty in undlisturbed stream

distance along shord from leading edge of airfoll section
distance along semispsn from center line

-angle of attack

mass density In undisturbed stream

coefficlent of viscoslty in undisturbed stream
1 f°
wing section normal-force coeffilcient (E f (Pr, - By) d.x)
o

-wing section pitching-moment coefflclent about 25-percent-
1 r° c
chord station <c_2 fo (% - 20)(= - I;)dx)

.-}
wing normal-force cocefficlent = cpc 4y
. 0

wing pitching-moment coefficient asbout 25-percent-chord sta-

b
2
_ _ o
tion of mean eserodynemlc chord < EE/;_ °m°26‘7>

. RN
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an s8lope of wing eection normal-force curve per-degree (gg?
MH loss of total pressure in wake
Cdo wing ssction profile-drag coefficient from wake-survey
measurements
2
€D, wing profile-drag coefficlent (% j; cde dg)
Subscripts: )
£b force break
L lower gurface of alrfoll sectlon
U upper surface of airfoll section

APPARATUS AND METHODS

The Langley 8-foot high-speed tumnel, in which the tests were con-
ducted, is of the single-return, closed-throat type.

Model.- The wing model tested had a modified NACA 65-108 airfoil
sectlion, an aspect ratio of L4.01, a taper ratioc of 0.498, and no twist
or dilhedral. The TO-percent-chord line was used es the reference sta-
tlon In the design of the wlng and the quarter-chord line, as a result,
was swept back approximately 8.64°. The wing was originally designed
for use as a horizontal-tail model (reference 2) and therefore was
equipped with eleovators and trim tabs. The NACA 65-108 airfoil section
from ths 70-percent-chord station to the trailing edge was modified to
make the gides of the elevators and trim tebe stralght. The ordinetes
for the NACA 65-108 sirfoll section, as modified, are given in table I,
and general dimensions of the wing are shown in figure 1. Dimensions
for the tip shape of the wing model are gilven in tsble II.

Twenty statlc-pressure orifices were placed at each of four span-
wigse stations in lines perpendlicular to the TO-percent-chord station.
The spanwise statlons at whilich pressure measurements wore taken were
located on the left half of the wing at 15, 40, 70, and 90 percemt
serlspan. A detalled desscription of the wing will be found in refer-
ence 2.

Support.- The wing was supported in the tunnel by means of a
vertical gteel plate which had a modifled-ellipse section of 50 -inch chord
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and 0.75-inch maximum thickness. The surfaces of this plate formed
reflection planes for the two wing semispans. Addltional Information
about the support plate 18 to be found in reference 3.

Procedure.~ ILift and moment deta were obtalned from pressure-
distribution msasuremsnts made &t each of the four spenwise stations.
The measurements were made for angles of attack from -2° to 6° at Mach
nmumbers verying from 0.40 to 0.925. Drag data were determined by the
wake-survey method with a reke located approximately 1.56-root-chord
lengths behind the wing 70-percent-chord station., The wake surveys
were made at the 15-, LO-, 70-, and 90-percent-semispen stations by
means of the rake described in reference 3. The gaps between the
stablilizer and elevator were sealed such that the model was aercdynami-
cally smooth for the wake-survey measurements. The drag measurements
wore taken at 09, 3°, and 6° angle of attack for Mach numbers of 0.645
to 0.885, The drag data were limited to & maximum Mach number of 0.885
since the tunnel choked at the wake-survey rake support strut. As
explained In reference 3, choking at the survey strubt imposes a limits-
tlon on the maximm test Mach number and does not affect the applica-
bility of the results.

Reynolds number.- The veriation of test Reynolds number, based on
the mean aerodynamic chord of the wing, with Mach number is presemted
In figure 2.

Corrections.- Tunnel-wall-Iinterference correctlons, using the
methods of references 4, 5, 6, and 7, have been applied to the data up
to and Including a Mach number of 0.90. The magnlitude of the corrsc-
tlons was found to be very emall; the maximum corrections to the Mach
numbers even &t a Mach number of 0.90 were approximately 1 percent. The
corrections to the coefficients due to corrections in dynamic pressure
were elso small, the maximum correctlon bsing sbout 2 percent. As
brought out in referemce 2, the tunnel choked 1in the present tests at a
Mach number of approximately 0.95. Numerous tests have shown that, when
choklng occurs, the data are no longsr comparable to free-air character-
istics. There was also a tendency towards choking at & Mach number
of 0.925. The results obtained at this Mach number, even if completely
corrected for the usual effects of wind-tunnel-wall interference, may
not, therefore, Indicate free-alr characteristics. The data which have
been included hereln for a Mach number of 0.925 are therefore considered
to be of uncertain valus.

REDUCTION OF DATA AND RESULTS

In the reduction of the data, the sectlon pressure distributions
measured &t the four spanwlse stetlons were plotted snd then
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mochanically integrated to obtaln section normal-force coefflcient c¢n
and sectlon piltching-moment coefficient ome The gechtlon coefficlents

were then used to meke plots of cnc::- ‘and cmc2 = ageinst the semi-

B
spen stations which were mechanically integrated to glve the wing
normal-force coefficilent Cx eand wing pltching-moment coeffil-
clent Cma ) respectively. Typlcal plots of the pressure distributions

for two spenwlse stations which were umed to obtaln the wing section
coefficlents are shown in figure 3.

The total-pressure and statlc-pressure measurements made during the
wake surveys have been reduced to section profile-drag coeffilclents
using the methods given in reference 8. The wing profile-drag coeffi-
clent was then obtaired from mechanical integration of curves of cg.c

agaeinst the semlspan.

The varlations of wing normal-force, wing pltching-moment, and wing
profile-drag coefficlients with Mach number for meveral angles of attack
are presented in figure 4 while figure 5 shows the verlations of angle
of attack, wing pitching-moment, and wing profile-drag coeffliclents
plotted against wing normel-force coefficlent. The variations of
gectlon normal-force coefficient with Mach number at two spanwise sta-
tions for angles of attack of 2° and 6° are shown in figure 6. The
effect of Mach number on the section normal-force-curve slopes at two
gspanwlse statlons 18 presented in figure 7. The slopes of the curves
were msasured between 0° and 3° angle of attack. Figure 8 shows the
change 1in serodynamic-center locatlon with Mach mumber. The aserodynamlic-
center locetion was determined for a wing normal-force coefficient
of 0.2. TFigure 9 presents the variation of gection profile-drag coeffi-
clent with Mach number at two spanwlse stations for sectlon normal-force
coefflclients of O and 0.5. The varlation of dreg coefficlient wlth Mach
number for a wing loading of 60 pounds per square foot at an altitude
of 35,000. feet, Including the calculated induced drsg, is shown In
figure 10. Figure 11 shows the varlation of force-break Mach number
with aspect ratio as camputed by the methods of reference 9. The
force-break Mach number 1s estimated roughly as the Mach number for
which the drag coefficlent first begins to rise rapidly.

Spanwise varlatlons of sectlon loadings, sectlon moments, and
sectlon drags from whilch the wing characteristlcs were determlned are
shown in figures 12, 13, and 14, respectively. These figures can be
utllized in determining the bending and twlsting momentes that occur on
the wing.

Figure 15 presents the losses of total pressure in the wakes behind

the wing for four spanwise stations for Mach numbers of 0.645, 0.822,
end 0.885. '
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DISCUSSION

Normal-Force Characteristlcs

In general, there were no serious changes In the wing normal-force
characteristics below a Mach number of 0.86 for the engle-of-attack
range investigated (fig. 4). It can be seen in figure 5 that the angle
Por zero 1ift remained falrly consbtant up to & Mach number of approxl-
mately 0.86 and then shifted positively at supercritical Mach numbsrs.
The shift in angle for zero 11ft in the range of Mach numbers from 0.86
to 0.905, however, smounted to approximetely 0.6°%. Similar effects werse
noted for the low-aspect-ratio wings reported in reference 1. On the
other hand, the data of reference 1l for the high-aspect-ratio wings and
the data of reference 3 for a wing of aspect ratio 9.0 indlcated large
and erratic changes In the normal-force characteristics at supercritical
Mach numbers.

The section normal-force characteristics at two spanwise statlons
for the wing are shown 1n figure 6, together wlth the sectlon character-
istics for the wing of reference 3 which employs an NACA 65-210 airfoil
section and which has an aspect ratio of 9.0. The data for the wing of
aspect ratlo 9.0 have been plotted for angles of attack whlch would very
nearly glve values of the sectlion normal-force coefficlent In the sub-
critical reglon comparsable to those of the present wing. It can be seen
that the usual increase in sectlon 1ift in the supercritical range, as
well ag the abrupt decrease In the supercritical rangs, was much lower
for the low-aspect-ratio wing as campared with the high-aspect-ratio
wing, particularly at the inboard station and high sngle-of-attack con-
dition. Similar effecte are to be noted for the section normal-force-
curve slopes shown in figure T. The increase in the normal-force-curve
slope with Mach number, &8s well as the sbrupt decresse of slops &t
supercritical Mach numbers, for the low-aspect-ratio wing was less than
thaet for the wing of aspect ratio §.0. The Mach number at which the
slope "breaks" (decreases) for the wing of the present Investigation was
approximately 0.875 as compared wlth a Mach number of 0.76 for the
aspect ratlo 9.0 wilng. This represents an increase of 15 percent in the
"Porce-break"” Mach number. Since the wing of aspect ratic 9.0 has an
airfoil sectlon whlch has more cember emd thickness than the wing im the
present investlgation, the improvement in the asrodynemic characteristics
for the wing of aspect ratio 4.0l is not due entirely to the reduction
in aspect ratlo. Approximate calculatlons Indicate that the combined
effects of decrease 1n camber and thickness for the NACA 65-108 ailrfoil
result in an aspproximately T-percent increase in the critical speed of
that of the NACA 65-210 airfoil and therefore the remaining 8 percent is
due presumably Lo the reduced aspect ratioc.
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The theoretical work done In reference 9, which conslders the flow
about a serles of thin ellipsoids, further substantlates the improve-
ments which can be gained In the critical speed by use of ellipescids of
low aspect ratio. The theory, however, indicates only qualitative
agreement since the theory underestimates the experimental results
quantitatively. It is seen in figure 6 that, when the section charac-
teristics at the 4O-percent-semispan’ and 90-percent-semispan stations
are compared, the three-dimenseional relieving effects of the tlp are
greater for the low-aspect-ratlo wing than for the wing of aspect
ratic 9.0. A further example of the relieving effects of the tlp on the
gpanwvise section characteristics for the two wings can be seen in
figure 12. The date are campared for angles of attack which give approx-
imately the same sectlon normal-force coefflclent at suberitical Mach
nunmbers. Careful observation indicates that there was very little span-
wise movement of the lateral cemter of load for the wing of aspect
ratio 4.01 through the Mach nmumber range. On the other hand, it can be
seen that there were large outboard shifts In the lateral center of load
on the wing of aspect ratlo 9.0 at supercritical Mach numbers. It was
shown in reference 3 that these shifts were due primerily to the fact
that the 1ift losses at the tilp were less severe than those at any of the
inboard sectlons because of the effect of tlp relief. It was alsc shown
quantitatively In reference 9 that the three-dimensional relief increased
with a decreasse In the aspect ratio, especlally at high Mach nurbers. As
a result of the tip-relleving effects, therefore, 1t could be expected
that the wing of aspect ratio 4.01 would undergo less severe spanwise
variations in section cheracteristics.

It was stated in reference 1. that further improvements in the aero-
dynamic characteristics of low-aspect-ratio wings could be expected by
employing wings of thin sections and late-crlitical-speed types and
which had suitably sheped tips. A ccmparison of the lift-curve slope
for a wing of aspect ratio 4, obtained by interpolation of the data from
reference 1, with the lift-curve slope for the present wing of aspect
ratio 4.0l indicates that the Mach number for the lift-curve "break" is
increased by 0.08 for the present wing. This represents an approxi-
mate 10-percent ingrease in the 'force-break" Mach number for the
present wing over that of the wing of reference 1 which has an
NACA 0012 airfoll section emd which has a rectangular plan form and
square wing tips.

Pitching-Moment Cheracteristics

At engles of attack near 0°, the variation of plitching-moment
coefficient with Mach number indicated gradual negatlve increases in
the suberltical speed range, whereas the pitching-moment cocefficlents
for 4° =nd 6° angle of attack showed graduasl positive increases (fig. 4).
As the Mach nimber was Iincreased to supercritical values, the plitching
momente Indiceted rather large diving tendencles. The varlation of the
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moments with engle of attack was reversed such that the slopes became
stable. Figure 5 shows the pitching-moment coefflclents plotted
against normal-force coefficlent for several Mach numbers. This figure
clearly indlcates the chamge 1n pltching-moment slope from positive to
negative values as the Mach number was increased above 0.85. These
changes 1in pitching moment have been shown in several investlgations °
and from schlieren photographs to be assoclated with movement of the
shock on the upper and lower surfaces of the wing. ’

The effect of Mach number on the merodynamic-center locatlon,
expressed In percent of the mesan aserodynamic chord, is given in flgurse 8.
It can be seen that the asrcdynamic center ls located forward of the
guarter-chord point for Mach numbers below 0.85. Above a Mach number
of 0.85 the asrodynamic center moved rearward of the quarter chord such
that at a Mach number of 0.90 the aerodynemlic center 1s located at the
29-percent-chord polnt. Thls represents an over-all rearward shift
of T percent In the aerodynemic cenbter &s the Mach number Increased
from 0.40 to 0.90. The aerodynamic-center characteristics for the wing
of aspect ratio 9.0 of reference 3 are also included in Pigure 8 for
comperison. The asercdynamic-center location for thls wing gradually
moved rearward from the quarter~chord station up to a Mach number
of 0.825 and then shifted to approximately the 37-percent-chord location
as the Mach number Increased to 0.90. The chenges 1n the aerodynemic-
center locatlion at supercritical Mach nmumbers are assoclated wlth the
changes in the chordwlse loadings. (See, for instence, fig. 3.) The
changes in the aerodynamic-center locatlon coupled with the changes In
lift-curve slope and angle for zero 11ft are the principal causes of the
adverse gstability changes that occur in the supercritlical flight remge.
Because these changes have been observed to be less severe for the wing
of aspect ratio 4.01, 1t could be expected that flight in the tramsonic
speed range could be made possible with an alrcreft employing a low-
aspech-ratio wing.

Drag Cheracteristics

The wing proflle-drag coefficlents exhlbited no unusual character-
1stlics below the Mach number for the abrupt drag rise. The wing
profile-drag coefficlent at an angle of attack of 0° commenced to
increase rapidly when the Mach niumber was raised above 0.85 (fig. 4).
The high Mach number attained before this drag rise occurred is due in
part to the low aspect ratlo and to the small thickness ratloc of the
wing.

The sectian proflle-~drag characteristics at two spanwlse statlons
for section normal-force cocefficients of O and 0.5 for the present wing
are compared In figure 9 with thase of the wing of aspect ratio 9.0.
The effects of the reduced aspect ratio, including the ccmbined effects
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of the reduced cember and thickness on the section profile drag for the
present wing, are immedlately spparent. It can be seen that the sectlon
proflle-drag coefficients at the inboard statloms as compared with sta-
tions near the +tip were higher and commenced to increase at lower Mach
numbers for both wings. The rapid increase in drag at the inboard sta-
tione 1s caused by separetlon of the flow over the wing due to shocks
which are essentially normal to the flow (fig. 15). Of particular
interest 18 the reduction in the drag for both wings at the 90-percemt-
semigpen statlon at zero section normel-force coefflclent and at the

90 -percent-semispan station for the wing of aspect ratio 9.0 at 0.5 sec-
tion nmormal-force coefficient. This reduction of drag is the result of
the three-dimensional type of flow at the tips. The drag data at the
90 -percent-semispan station for the wing of aspect ratio 4.0l at 0.5 sec-
tion normel-force coefficlent is not presented since the flow at this
station was assoclated with tlp vortices, thus making the measurements
of the dreg doubtful. The wake-survey data of figure 15 showed that the
losses in the wake at the 90-percent-semispan station &t an angle of
attack of 6° were characterized by two peaks: one pesk located at
approximately 1 inch below the chord line representing the direct losses
in the wake behind the wing and the other peak representing losses in
the flow influenced by the tlp vortlces.

A comparison of the drags for the wings of aspect ratio 4.0l end 9.0
calculated for a level-flight wing loading of 60 pounds per square foot
at an altitude of 35,000 feet {calculated induced drag included) is
shown in figure 10. The results indicate that the Mech number at which
an alrplane using the wing of aspect ratio 4.0l described herein could
fly, before large Increases of power are requlred, 1ls Increased by
approximately 0.07 sbove that of the wing of aspect ratio 9.0. As to be
expected, flgure 10 also shows that in the low Mach number range, the
drag of the low-aspect-ratlo wing 1s larger than that of the high-aspect-
ratlo wing beceuse of the higher induced drag. As the Mach number is
Increased above 0.79 where large increases in power wouwld be flrst mani-
fested, however, it cen be seen that the drag of the low-aspect-ratio
wing is conslderably smaller. As an example, the lift-drag ratlo for the
low-aspect-ratlo wing is approximately 11.0 at a Mach number of 0.885,
whoreas the lift-drag ratio for the wing of aspect ratlio 9.0 1s approxi-
mately 4.9. Similar results were observed for the wings of reference 1.

A comparison of the variation of force-break Mech number with aspect
ratio for the wing of aspect ratio 4.0l reported herein end the wings of
roferences 1 and 3 are presented In figure 11. It can be ssen that
reducing the aspect ratio Increases the force-bresk Mach number,
especlally for the NACA 0012 alrfolls. The method of reference 9 has
been employed to estimate the effect of reducing the aspect ratioc on the
force-break Mach number. The theoretical curve for the NACA 65-108 air-
foll was obtained by correcting the force-break Mach number of the
NACA 65-210 alrfoil of aspect ratio 9.0 for the effecte of thickness and
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camber as described previously. It can bs seen that very good agreement
exigsts between the theoretical and experimental results for the

NACA 65-108 wing at aspect ratio 4.0l. Furthermore, 1t cen be seen thetb
the increasse In the drag force-break Mach numtber resulting from a reduc-
tion of the aspect ratlio from 9.0 to 4.0l amounts to only 1 percent,
whereas the increase in the 1ift force-break Mach number due to &

gimiisr reduction In aspect ratlic smounts o approximately 8 percent.
When thls seme method is for the NACA 0012 airfoils, however, the
correlation between theoretical and experimental data 1s not good. As
explained in reference 9, & quantitative comparison of the experimental
results with the theoretical resulis which considers the flow around a
series of thin elllipsoids ls not warranted since the wings of reference 1
di1d not have elliptical sections amd plem forms. Qualitatively, however,
the results do indicate the Improvement which can be obtained by reducilng
the aspect ratio.

CONRCITUSIONS

. The results of an investlgation of a wing employing an aspect ratio
of 4.01, small thickness ratio, and high-critical-speed section Indlicated
the Tollowing:

1l. In the renge of Mach numbers up to 0.86 there were no adverse
changes in lift-curve slope and in engle of zerc lift. At Mach numbers
in the renge of 0.86 to 0.90 the changes of the lift-curve slope and
angle of zero 1ift were less severe when compared with a wing of aspect
ratio 9.0 or to the wings of NACA TN 1665. The high Mach numbers
attained before the 1lift-curve slope breaks represent an spproximate
increase of 0.12 and 0.08 in Mach number over that of the wing of aspect
ratio 9.0 and the wings of WACA TN- 1665, respectively.

2. As the Mach number increassed from 0.40 to 0.90 the asrodynemic-
center location for the wing of aspect ratio 4.01 moved rearward 7 per-
cent as caompared with a rearward movement of 12 percent for the wing of
aspect ratio 9.0. :

3. The Mach number at which the dreg beglns to Increasse rapldly was
delayed to a value which was approximately 0.07 higher than that for the
wing of aspect ratio 9.0.

Lengley Aeronsutical Leboratory
Natlional Advisory Caommlttee for Asronautlcs
Langley Alyr Force Base, Va.
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ORDINATES FOR NACA 65-108 ATRFOTL

TABIE T

(Stations and ordinates in percent of wing chord)

Upper surfsace Lower surface
Station Ordinate Station Ordinate

0 0 0 0
-h-'?}'l' 1651 0526 “.601
721 790 T79 -.720
1.217 .998 1.283 -.890
2 462 1.359 2.537 -1.173
4.959 1.903 5.041 -1.587
7 .458 2.330 T7.542 -1.906
9.958 2.690 10.042 -2.17h
1%.960 3.267 15.040 -2.595
19.963 2.710 20.037 -2.91k4
2k .969 L .okt 25.031 -3.151
29.97h 4,201 30.026 -3.319
34.981 k1453 35.019 -3.k23
39.987 Lk.534 40.013 -3 .462
hly .99k L .522 45.006 -3.426
50 .000 L .409 50 .000 -3.305
55 006 4.186 5k .99L -3.090
60.011 3.873 59.989 -2.801
65.015 3.486 64 .985 -2.456
70 .000 3.043 70 .000 -2.063
80.000 82,031 80.000 a.1.378
90 .000 81.016 90 .000 a_.689

100 .00 a9 100 .000 8o

L. E. radius, 0.43k

Slope of redius through end of chord, O

80rdinates derived for straight-side section from
0.70-chord statlon to trailing edgs.

\N_'%CA;
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KACA RM LGH23

DIMENSIONS OF TIP SHAPE OF WING MODEL IN INCHES

(Symbols defined in fig. 1)

Plan-form contour of tip

Distance from tip, x ¥s YE
O 11200 "10200
«010 1.555 - 664
0020 1-697 --}-l'OT
0050 10950 --0&
.080 2.110 145
.100 2,193 266
200 2.493 .678
.300 2,.6Th .930
400 2.791 1.083
.500 2.875 1.185
600 2.932 1.24Y
720 2.971 1.273
Elevation contour of +tip
Distance from tip, x Ju YL
0 0 o .
010 042 031
.020 .058 OL2
.050 .086 .065
.080 .105 078
.100 J11k .085
.2% ll“l‘ﬁ ClJ-o
.300 .16k 125
400 176 <134
500 .184 JA41
600 .188 <145
.720 .192 <147
“WN,.AC‘,A;H’J
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Frassure coefficient, P

NACA RM LoH23

Agreent chore

(p) 90-percent—semispen station.
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